Background: Hyperornithinemia-hyperammonemia-homocitrullinuria (HHH) syndrome is an autosomal recessive inborn error of the urea cycle. It is caused by mutations in the SLC25A15 gene that codes the mitochondrial ornithine transporter. The aim of this study is to detect and identify the pathogenic SNPs in SLC25A15 gene through a combination set of bioinformatics tools and their effect on the structure and function of the protein.
Introduction:
Hyperornithinemia-hyperammonemia-homocitrullinuria (HHH) syndrome is an autosomal recessive inborn error of the urea cycle (1-5), (OMIM#238970) (6) (7) (8) , it is located on chromosome 13q14 (7, 9) . This syndrome occurs in the early infancy or childhood period, although, few cases of adult onset have also been reported (7, (10) (11) (12) (13) (14) . HHH syndrome is caused by mutations in the SLC25A15 gene that codes the mitochondrial ornithine transporter, which transports ornithine across the inner mitochondrial membrane from the cytosol to the mitochondrial matrix (15) . This is a vital step in the urea cycle, which serves to eliminate toxic ammonium ions from the breakdown of nitrogen (6, (16) (17) (18) (19) (20) (21) . The HHH clinical symptoms are highly variable, which include spastic paraplegia, extrapyramidal signs, stroke-like episodes, hypotonia, seizures, ataxia, protein intolerance, failure to thrive, pyramidal dysfunction developmental delay/intellectual disability, hepatic failure (13, 16, 20, (22) (23) (24) , and even death can arise if the condition is not diagnosed early and treated quickly (25) .
Even though, this disease targets a wide variation of different ethnicities, Canada (23%), Italy (17%) and Japan (13%) were reported with the highest prevalence rates (15, (26) (27) (28) Albeit HHH treatment includes a strict treatment protocol consisting control of dietary protein, nitrogen forager medications, as well as, amino acid and vitamins supplementations, still there is no effective therapy for this type of inborn disease (4, (22) (23) (24) (25) , thus identifying the SLC25A15 gene holds a promising future tool to improve both survival rates as well as the quality of life in surviving of HHH patients (29, 30) .
Detection and identification of pathogenic SNPs of SLC25A15 through different in silico prediction software are the main aims of this study. As well as, to determine the structure, bio functions and the regulatory mechanism of their respective proteins. This study is the first in silico analysis of the SLC25A15 coding region. Using this approach to identify the pathogenic SNPs with no cost; novel therapies specifically targeting mutant SLC25A15 will open new methods of treatment for HHH patients(31).
Methods: 2.1 Data Mining:
The SLC25A15 human gene data was obtained from the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/ ). The variant's information of the gene was collected from the NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/snp/ ) and the SLC25A15 protein sequence was obtained from UniProt database (https://www.uniprot.org/ ).
SIFT:
The Sorting Intolerant from Tolerant (SIFT) algorithm is a standardized tool for detecting all missense SNPs in the protein sequence by searching for homologous sequences and carry out multiple sequence alignment. The score of each variant ranges from 0 to 1, deleterious SNP is considered when the score is ≤0.05, while tolerated SNP's score is >0.05 (32, 33) SIFT is an available online tool (34) (http://sift-dna.org).
PolyPhen-2:
PolyPhen-2 (polymorphism phenotyping v2) is a tool that predicts the impact of substitution of the amino acid on the structure and function of the protein. The input data needs accession number, position of variants, original and mutant amino acids. The PolyPhen figures the PSIC (position-specific independent count) and counts the score difference between the two variants. When resulted with a score of (0.96-1) it's considered 'Probably damaging', while (0.71-0.95) scores considered as 'Possibly damaging and Benign' (0.31-0.7) (32, 35, 36) . PolyPhen-2 is available at (http://genetics.bwh.harvard.edu/pph2/).
PROVEAN:
PROVEAN (Protein Variation Effect Analyzer), is an algorithm, which accurately predicts the impact of single amino acid substitutions, multiple substitutions, insertions and deletions (37) . The tool accepts a protein sequence and amino acid variations as input, performs a BLAST to identify homologous sequences, and generates the scores. A variant is predicted to be 'deleterious' if the final score is below −2.5, and is predicted to be 'neutral' otherwise (37, 38) . It is available at (http://provean.jcvi.org/index.php).
PHD-SNP:
Predictor of Human Deleterious Single Nucleotide Polymorphisms; is an online Support Vector Machine SVM-based classifier. It predicts whether the amino acid substitution is deleterious or neutral (39) . It is available at (http://snps.biofold.org/phd-snp/phd-snp.html ).
SNPs&GO:
Single Nucleotide Polymorphism Database & Gene Ontology is a support vector machine (SVM) based method. The information derived from the protein sequence, structure, and protein function; it needs a whole protein in FASTA sequence, and/or its three-dimensional structure, a target SNP and its functional Gene Ontology (GO) terms to be an input option. The output provides, for each protein variation, the probabilities to be disease or neutral. The score of predicted variants is 82% accurate with Matthews's correlation coefficient of 0.63 and if it is > 0.5 this is defined as a 'disease' (39) (40) (41) . It is freely available at (http://snps.biofold.org/snps-andgo/snps-and-go.html )
PANTHER:
Protein Analysis through evolutionary relationships, is used for analysis of variants, it utilizes hidden Markov model (HMM) based statistical methods and multiple sequence alignments which create the substitution position-specific evolutionary conservation score (subPSEC). The SNPs is considered deleterious with score (< −3) and neutral with (score > −3) (39). It is available at (http://www.pantherdb.org/ )
P-Mut:
P-Mut is an online tool annotates and predicts the damaging mutations. Pmut is rely on sequence information of any protein to identify the mutations. It delivers a very simple output: a yes/no answer and a reliability index. Its methods performance is 84 % overall success rate, and 67 % improvement over random (42) (43) (44) . It is available at (http://mmb.irbbarcelona.org/PMut/ ).
I-Mutant 3.0:
I-Mutant is a neural-network-based tool for prediction of protein stability and modulation upon single amino acid substitution. The protein sequence and variant position is needed for input data. The output is the predicted free energy change (DDG), which classifies the prediction into: 'large decrease' (DDG < −0.5 kcal/mol), 'large increase' (DDG > 0.5 kcal/mol), or 'neutral' (−0.5 < DDG < 0.5 kcal/mol) (39, 44) . It is available at (http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi ).
MUpro:
A support vector machine-based bioinformatics tool, MUpro, is used for predicting the stability changes of a protein upon nonsynonymous SNPs. The value of the energy change is assumed, and a confidence score among -1 and 1 for measuring the confidence of the assumption is calculated. A score <0 shows that the variable reduces the protein stabilization and vice versa (45) . It is available at (http://mupro.proteomics.ics.uci.edu/ ).
Project HOPE
Have Our Protein Explained, is an online next-generation tool used for mutant analysis. HOPE's layout demonstrates the molecular origin of disease's phenotype which results from protein mutation. The Web services and DAS servers are used to collect the data. The sources from which HOPE gathers the data are 'Protein's 3D structure' and the 'UniProt database', of wellannotated protein sequences. For each protein, this data is stored in a PostgreSQL-based information system. The data is processed and used to predict the mutation impact on the 3D structure and the function of the protein. The report is generated, is supported with figures and clarify the effects of mutation. Lastly the report can be utilized to design follow-up experiments, better diagnostic & medicines (46) . Available at (http://www.cmbi.ru.nl/hope/input/).
RaptorX
Since the human SLC25A15 protein's 3D structure is unavailable in the Protein Data Bank, RaptorX software was used to obtain the 3D structural model for wild-type of SLC25A15. RaptorX is a bioinformatics web server predicts the structural property of a protein sequence without the need of any templates. It surpasses other servers, chiefly for proteins without close homologs in PDB or with very sparse sequence profile (47) . It is available at (http://raptorx.uchicago.edu/ ).
UCSF Chimera:
This desktop application is for the interactive visualization and analysis of molecular structures and related data. The application features are expanded due to incorporation of the web access with desktop tool. The features include the accomplishing computationally intense work and is able to connect to databases. Chimera is subdivided into a 'Core', which is responsible for basic services and visualization, and 'Extensions', that contain new features with higher functionality.
These extensions are Multialign Viewer, docking, trajectories, visualize large-scale molecular assemblies, etc. chimera images with high resolution. This application can generate an animation (48) . Chimera is available at (http://www.cgl.ucsf.edu/chimera/).
GeneMANIA:
GeneMANIA is an online server generating proposition about gene function, investigating gene lists and prioritizing genes for functional assays. It expands the query list with functionally similar genes that recognizes by using available genomics and proteomics data. The high accuracy of the GeneMANIA prediction algorithm and large database make the GeneMANIA an useful tool for any biologist (49, 50) . It is available at (http://genemania.org/ ). 
Result and discussion:
3.1 Result: 
Figure22:
Interaction between SLC25A15 and its related genes.
Discussion:
Various bioinformatics tools were performed to identify the SNPs impact in the SLC25A15 protein. 20 mutations have been distinguished to affect the stability and function of SLC25A15, 12 out of 20 are considered as novel (D31H, D31Y, Y64C, G66S, G86C, G168E, T176A, F188S , K234I, Y287H, E288K and E288G). To ensure the pathological effect of the mutations at the molecular level, different parameters plus trustworthy information were used, and for more accuracy, numerous methods rather than one method (PolyPhen-2, PROVEAN, PHD-SNP, SNP&GO, PANTHER, P-MUT, I-Mutant3.0, MUpro, Project HOPE, RaptorX, Chimera, and GeneMANIA were used (Figure1) 630 variants of the Homo Sapiens SLC25A15 gene which situated on the coding region were acquired from dbSNP/NCBI Database. To predict if these variants affect the function of the protein, phenotype and end by disease 220 missense mutations were submitted to SIFT, PolyPhen-2 and PROVEAN software respectively. 57 SNPs were predicted to be 'deleterious' by SIFT software, while by PolypPhen-2; 114 SNPs were predicted to be 'damaging', in which 79 were 'probably damaging' and 35 as 'possibly damaging ', and PROVEAN predicted 142 SNPs to be deleterious. The triple positive results of these software were 27 SNPs, and they are affecting the function of the protein (Table 1) . These 27 pathogenic SNPs were submitted to PHD-SNP, SNP&GO, PANTHER and P-MUT for further confirmation; 27 deleterious SNPs were predicted by PHD-SNP and SNP&GO while PANTHER predict 25 variants and P-MUT predicted 21 deleterious SNPs (table 2 AND 3). The fourth positive results of these software were 20 pathogenic SNPs, were submitted to I-Mutant and MUpro servers in order to examine the effect of mutation on the stability of the protein. I-Mutant revealed all these 20 pathogenic SNPs decreased the stability of the protein except for 4 SNPs with I-Mutant (D31Y, G168E, G216S, and G217R), but one SNP with MUPRO (K234I) was predicted to increase the stability (Table 4 ).
Project HOPE reveled that some mutant residues (which are buried in the core of the protein) are larger than the wild-type residues, this makes the new residue in an improper position to make the same hydrogen bond as the original wild-type residue did, while the smaller sized mutants cannot fill the core of the protein. It also showed the mutation may change the charge of the residue and lead to repulsion of ligands or other residues with the same charge, there are 9 variants remain unchanged. In Project HOPE results, 12 variants with mutant residue are more hydrophobic than the wild-type residue, these hydrophobicity variations can affect the hydrophobic interactions with the membrane lipids, and it identified 10 variants with transmembrane domain as well. The amino acid Glycine is the most flexible of all residues, this flexibility might be necessary for the protein's function. Thus mutation of this glycine can abolish this function. For visualization of the wild and mutant types of amino acids in SLC25A15, Chimera software was performed ( Figures  2-21 )
GeneMania disclosed that SLC25A15 functions in the amide biosynthetic process, nitrogen cycle metabolic process, urea metabolic process, cellular amino acid catabolic process, inflammatory response, complement activation, cellular modified amino acid metabolic process, carboxylic acid catabolic process, organic acid catabolic process, protein activation cascade. Disruption of this function give rise to cytoplasmic ornithine aggregation, citrulline synthesis reduction, impaired ammonia detoxication and increased carbamoyl phosphate(1). The genes co-expressed with; share similar protein domain, or participate to achieve similar function were illustrated by GeneMANIA and shown in figure (22) Tables (5, and 6) .
